uptake, stomatal resist e, and titratable acidity were made on plants exposed to long and short day photoperiods. Results indictes that waterstrsed P. 4J1 had primly notura CO2 uptake, daytime stomatal closre, and a brge diurnal acid fluctatiod in either photoperiod. Mature laf tssue from nwessed pats der klog days exhibited a moderate diunl acid fintion ad midday stomatal closure. Under short days, there was a reduced diunl acd fltation in mature leaf tissue. Young leaftsme taken from essed pints did not utilize the CAM pathway under either photoperiod as indicated by daytine CO2 uptalke lack of diWnal acid fl an, d incomplete daytie stomatal closure.
The induction of CAM in P. afra appears to be related to the water status of the plat and the age of the laf tissue. The photsynthetic metabolism of mature leaves may be partly under the contol of water stress and of photoperiod, where CAM is favored under long days.
Photoperiodic induction ofCAM was first reported for Kalanchoe blossfeldiana (3) , which under a LD photoperiod exhibited a C3 mode of photosynthesis. With an increasing number of SD, there was increased nocturnal CO2 uptake. Subsequent studies of K. blossfeldiana showed that malic acid and the enzymes associated with CAM increased in activity after a switch to a SD photoperiod (1, 9) . K blossfeldiana undergoes a winter drought in its natural habitat; thus, it is hypothesized that induction of CAM by SD constitutes preparation of a metabolic mechanism to withstand this drought (2) . There is still very little information on the influence ofphotoperiod in other facultative CAM plants.
Portulacaria afra is a faculative CAM species which responds to water stress by switching from C3 photosynthesis to CAM ( Daytime temperatures during each photoperiod regime were maintained at 30°C and nighttime temperatures at 15°C. The RH fluctuated between 65% during the day and 75% at night. Add Titrations. Six leaves per treatment were collected randomly, weighed, and placed on dry ice. The samples were lyophilized and stored in a desiccator until assayed. The dried samples were ground to a fine powder with a mortar and pestle, and a homogenate was made with 20 ml glass-distilled H20. The homogenate was titrated with 0.01 N KOH to a pH 7.0 endpoint. In addition, morning and evening organic acid levels of mature leaves from a large potted shrub growing in the San Diego State University greenhouse were assayed for a year.
Gas Exchange Measurements. Stomatal reistance to water vapor was measured with an autoporometer (Li-Cor, Li-65). The porometer was calibrated at several temperatures with known resistances to obtain regression lines of reistance versus time.
Values exceeding 90 s cm'i were assumed to indicate stomatal closure (5). The sensor was placed on the abaxial surface of attached leaves.
'4C02 uptake was measured using the system of Oechel and Mustafa (8) . A single detached leafwas enclosed in a cuvette and exposed to 14CO2 for 45 s in the growth chamber. Exposed plant material (0.168 cm2 leaf punch) was immediately harvested and dropped into a 1:1 mixture of cold phenethylamine:methanol. After 48 h, the plant sample was washed with 1 ml of ethylene glycol monoethyl ether (cellosolve) and then dried for 24 h at 80°C, weighed, and combusted. Radioactivity of the phenethyl- (8) .
RESULTS CAM is usually characterized by a minimum of 100 &eq acid fluctuation from morning to evening (7) . Thus, a rate of 12.5 teq h-' (for an 8-h d) would be an indicator of CAM activity. The change in titratable acidity for P. afra decreased from over 40 in late July to below 10 peq h-I in December, and remained low throughout much of the following spring (Fig. 1) (Fig. 2) . Minimum stomatal reistance values on 2Abbreviation: FW, fresh weight. the order of 2 to 10 s cm-' were noted at the end of the dark period and beginning of the light period (Fig. 3) . Complete stomatal closure was observed through the middle of the light period. Stomatal resistance decreased during the latter part of the light period. Maximum 'CO2 uptake in nonstesd P. afra occurred at the begnning of the light period and at the end of the dark period (Fig. 4) . Low levels of '4CO uptake were seen during the remainder of the dark period and again at the end of the light period.
Aftergrowth for 30 d undera 9-h light/15-h dark photoperiod, there was a reduced organic acid fluctuation ('50 jseq g-' FW) from that observed under LD (Fig. 2) . Stomatal resistance was minimal at the beginning of the light period and at the end of the dark period (Fig 3) . In addition, stomatal resistance increased throughout most of the light period. The stomatal opening observed during the dark period was not accompanied by appreciable '4C02 uptake (Fig. 4) during the light period, with a slight decrease at the beginning and the end of the light period (Fig. 6) . Stomatal resistance gradually decreased during the dark period with minimum values occurring near the end ofthe dark period. I4C02 uptake occurred at the beginning of the light period, was low during the middle of the day, and began to rise during the latter part of the day (Fig. 7) . Low rates of 4C02 uptake were observed throughout the dark period.
After growth for 30 d under a SD photoperiod, the acidity results were only slightly different from those of plants grown under a LD photoperiod (Fig. 5) . Stomatal resistance patterns were only slightly different under the SD photoperiod relative to that observed under LD (Fig. 6) . Low levels of '4C02 uptake occurred during the light period and increased to moderate levels throughout the dark period (Fig. 7) .
Young, Nonstressed Leaves. Fluctuations in titratable acidity of young, nonstressed P. afra leaves were markedly different from those seen in mature leaves (Fig. 8) . Acid levels remained quite high throughout the day and night, and the fluctuation observed was minor. Stomatal resistances were moderately low throughout the 24-h cycle, with minimal levels observed at the beginning of the light period and near the end ofthe dark period (Fig. 9) . Low rates of 4C02 uptake occurred throughout the 24-h cycle, with peaks at the beginning of the light period, near the end ofthe light period, and near the end ofthe dark period (Fig.  10) . Titratable acidity fluctuation and stomatal rsstances in young nonstressed leaves, after 66 d of growth under a SD photoperiod, were similar to those of plants grown under a LD photoperiod (Figs. 8 and 9 ). After 66 SD, daytime 14C02 uptake was still greater than nighttime uptake, though low levels of uptake occurred throughout the dark period (Fig. 10 ).
DISCUSSION
Nonstressed P. afra showed low organic acid fluctuation when compared to strssed plants (Figs. 2 and 5) . These results are similar to those reported earlier for P. afra (11 (4) . It thus appears that young tissues in general, when not stressed, exhibit lower stomatal resistance than do mature tissues.
Data reported here support the contention that baseline acid levels are related to leaf age. Young leaves maintain high acid levels when not fluctuating, whereas older leaves maintain relatively lower acid levels when not fluctuating. P. afra maintains high organic acid levels even when the C3 photosynthetic pathway is operating (10) . Other facultative CAM plants do not share this feature (7) . We assume that acid fluctuations commence in young leaves when daytime stomatal closure occurs. The hypothesis that daytime stomatal closure is a first response during CAM induction is supported by Ting (10) .
Stressed plants had a gas exchange and acid fluctuation pattern typical of CAM regardless of the photoperiod under which they were grown. Plants which were not water-stressed and were grown under a LD/short-night photoperiod had some characteristics of CAM, including some nocturnal CO2 uptake and a moderate fluctuation of organic acids. Young leaf tissue did not display any characteristics of CAM in either photoperiod. Our data indicate that water stress overrides any effect of photoperiod in P. afra, while in well-watered plants the induction of CAM is a maturation process where CAM is favored under LD. In summary, it appears that CAM in P. afra is induced by a combination offactors which include water stress, photoperiod, and leafaging. Thus, the original hypothesis which suggests that CAM is induced in P. afra by a LD/short night photoperiod was only partially supported by our data. 
